Mutagenic and enzymological studies of the hydratase and isomerase activities of 2-enoyl-CoA hydratase-1.
Structural and enzymological studies have shown the importance of Glu144 and Glu164 for the catalysis by 2-enoyl-CoA hydratase-1 (crotonase). Here we report about the enzymological properties of the Glu144Ala and Glu164Ala variants of rat mitochondrial 2-enoyl-CoA hydratase-1. Size-exclusion chromatography and CD spectroscopy showed that the wild-type protein and mutants have similar oligomerization states and folding. The kcat values of the active site mutants Glu144Ala and Glu164Ala were decreased about 2000-fold, but the Km values were unchanged. For study of the potential intrinsic Delta3-Delta2-enoyl-CoA isomerase activity of mECH-1, a new assay using 2-enoyl-CoA hydratase-2 and (R)-3-hydroxyacyl-CoA dehydrogenase as auxiliary enzymes was introduced. It was demonstrated that rat wild-type mECH-1 is also capable of catalyzing isomerization with the activity ratio (isomerization/hydration) of 1/5000. The kcat values of isomerization in Glu144Ala and Glu164Ala were decreased 10-fold and 1000-fold, respectively. The data are in line with the proposal that Glu164 acts as a protic amino acid residue for both the hydration and the isomerization reaction. The structural factors favoring the hydratase over the isomerase reaction have been addressed by investigating the enzymological properties of the Gln162Ala, Gln162Met, and Gln162Leu variants. The Gln162 side chain is hydrogen bonded to the Glu164 side chain; nevertheless, these mutants have enzymatic properties similar to that of the wild type, indicating that catalytic function of the Glu164 side chain in the hydratase and isomerase reaction does not depend on the interactions with the Gln162 side chain.